In this paper we assess the determinants of revenue forecast errors for the EU-15 between 1999 and 2012, based on the forecasts published bi-annually by the European Commission. Our results show that personal income rate changes increase the revenue forecast errors: for forecasts made in t for t, increases in the corporate tax rate implies a decrease in the revenue forecast errors, in t+1 and t+2. Moreover, an increase in GDP forecast errors decreases revenue errors, whereas an increase in the inflation error will increase revenue errors. GDP errors, minority governments, election year and corporate tax rate changes can be associated with optimistic revenue forecasts. On the other hand, yield, inflation errors and VAT tax rate changes are associated with more prudent forecast behaviour.
Introduction
In recent years there was significant uncertainty regarding macroeconomic forecasts made not only by international institutions but also by central governments. This fact was visible notably when the Organisation for Economic Co-operation and Development (OECD) fiscal outlook, for a wide range of countries, showed that the tax revenue was much lower than officially predicted at the beginning of the financial crisis in 2008 (Buettner & Kauder, 2010; Golosov & King, 2002) . This fact was also recently brought to light in the Report of Central Administration Budget Execution for 2012 elaborated by the Portuguese Court of Auditors (2013) , where the recent evolution of the value added tax (VAT) raised doubts about the sustainability of forecasts 1 .
In fact, making precise revenue forecasts is not an easy job. To predict government revenues, one needs to take into account a wide set of variables from the most basic macroeconomic variables, as gross domestic product (GDP) or inflation, to fiscal policy, tax structures, and, perhaps the most difficult one to model, people's behaviour towards uncertainty.
One of the reasons why the forecasts have a key role in the economy is the expectations generated by them. Macroeconomic data may take a few years until it become definitive, so in the meanwhile, forecasts are the best existing values and the ones taken into account by investors when it comes to evaluate the capability of a country to face its responsibilities. Moreover, as identified by Esteves and Braz (2013) access to reliable information on the economic situation is fundamental for policy makers since the results of their actions depend on the quality of the available information.
In this paper, we study the variables mentioned by the literature as more likely to influence the performance of revenue forecast. For that purpose, a panel data set was Portugal (PT), Sweden (SW) and United Kingdom (UK). In addition, a seemingly unrelated regression (SUR) analysis for each country will be performed in order to identify possible cross-country differences.
Our results show that personal income rate changes increase the revenue forecast errors: for forecasts made in t for t, increases in the corporate tax rate implies a decrease in the revenue forecast errors, in t+1 and t+2. Moreover, an increase in GDP forecast errors decreases revenue errors, whereas an increase in the inflation error will increase revenue errors. GDP errors, minority governments, election year and corporate tax rate changes can be associated with optimistic revenue forecasts. On the other hand, yield, inflation errors and VAT tax rate changes are associated with more prudent forecast behaviour.
The paper is organised as follows. Section 2 reviews the literature about forecast errors, mainly on the revenue side. Section 3 presents the empirical analysis. Finally, section 4 is the conclusion.
Literature review
In the study of Golosov and King (2002) the main focus concerning forecast errors were the ones around the forecast of the GDP growth rate. However, and recognizing that having accurate revenue data is fundamental in order to elaborate a good budget, countries and authorities have made efforts to obtain reliable numbers for expected revenues (Buettner & Kauder, 2010) , and so the discussion around this issue has increased. Nevertheless, the majority of the existing literature about revenue forecasting concerns the USA (Buettner & Kauder, 2010; Golosov & King, 2002) .
On the other hand, it was not the first time that revenue forecast errors was used as an attempt to explain a crisis. According to Auerbach (1995) economists were trying to explain the ongoing fiscal crisis on the USA by looking at tax changes in the 1980s and early 1990s. Based on the Office of Management and Budget (OMB) annual budget forecasts, the author explained the deviations of revenue using an unusual approach, by trying to explain the determinants of technical errors. The results supported the idea that overly optimistic revenue forecasts from the 1980s were partially caused by unforeseen reactions from taxpayers.
Indeed, according to Auerbach (1999) and Breuer (2013) , uncertainty surrounding forecast errors was driven by economic, policy and technical errors. Economic errors were associated to unpredicted changes in macroeconomic variables like GDP. Policy errors may be caused by changes in the tax rates or in the law, e.g. Finally, technical errors are the remaining part and they are frequently connected to various changes that were not considered, neither political nor economic. Cimadomo (2011) , in his literature survey about real-time data and fiscal policy analysis, identified that frequent and sizeable revisions of fiscal data, as well as large deviations of fiscal outcomes from the initial forecasts, are factors that endanger the EU's surveillance mechanism. Model uncertainty or unexpected shocks, are pointed out as the main reasons for fiscal outcomes deviations' from government plans. Upcoming political elections are also mentioned as possibly inducing over-optimism in fiscal projections. Buettner and Kauder (2010) studied the performance of revenue forecasts for 12 OECD countries. They argued that cross-country differences in revenue forecasting performance were mainly caused by the uncertainty about macroeconomic variables, corporate and personal income tax structures, the elapsed time between the forecast and the observation of the variables, and the independence of forecasts from possible government manipulation. Golosov and King (2002) , assessed one year-ahead forecasts of tax revenues in the International Monetary Fund (IMF) programs for a group of low income countries. The authors mentioned that the latest studies (at the time) did not found any link between forecasting errors and political factors. They also report that underestimates of next year's fiscal deficit would be much more expensive than overestimating by the same value. As a consequence, it was suggested that since the fiscal deficit underestimation is more expensive then overestimation, the deviation should occur on the cheaper side. In the context of an IMF program, major changes to the tax system may take place and those changes may introduce additional uncertainty to the forecasts of tax revenues.
Using data from the annual Stability and Convergence Programs, for the EU-15 countries, Hagen (2010) studied the deviations between projected and actual outcomes for several variables, namely GDP growth, general government budget balance, revenues and expenditures relative to GDP. The author found both problems in the forecasting performance of the EU country governments and bias and inefficiency regarding the projections. As a consequence, Hagen (2010) says that these facts lead us to wonder about the capability of governments to carry out accurate forecasts, as well as their availability to reveal all the detained information.
Pina and Venes (2011) studied the general government budget balance forecasts for the EU-15 countries, based on the information reported in the Excessive Deficit Procedure (EDP). They found that forecast errors are sensible to growth surprises, fiscal institutions and opportunistic motivations, namely the proximity to an election may induce over-optimistic forecasts. On the contrary, commitment, mix forms of fiscal governance and numerical expenditure rules are frequently linked to higher carefulness when it comes to forecasts. Brück and Stephan (2006) used the bi-annual forecasts of the EC between 1995 and 2003 for the EU-15, Japan and USA. Their aim was to explain the deviations in the existing budget deficits, using political, electoral, and institutional variables. They concluded that the Stability and Growth Pact (SGP) influences the quality of budget deficit forecasts, especially in the period prior to elections.
A literature survey by Leal, Pérez, Tujula, and Vidal (2008) regarding the main issues and challenges about fiscal forecasting, finds that in the worst periods budget balance projections appeared to be more optimistic whereas, negative projections emerged in times of better budget balances. Therefore, the literature has already identified possible outcomes for having inaccurate forecasts. However, the results seem to vary across time and country. Table I summarizes some of the abovementioned main findings.
Empirical analysis

Methodology
Since we want to address forecast errors, it is essential to enlighten this concept.
Following the literature (Afonso & Silva, 2012 , Hagen, 2010 , Pina & Venes, 2011 we consider a forecast error the difference between the variable outturn and the variable forecast, where i stands for the country and t for the corresponding forecast period,
.
Thus, positive values for errors are the result of a better than projected performance, while a negative value represents an overly optimistic forecast. Note that, it is considered as outturn, for period t, the first available estimate published by the EC on t+1 (the spring forecast). 
European Commission Forecasts
In this sub-section we analyse the revenue forecasts of the EC for the EU-15 countries. Hence, our main data sources are based on the bi-annual reports published by the EC, between 1999 spring and 2013 spring. The data were collected for years t, t+1
and t+2 for GDP growth in volume, for the private consumption price deflator, general government total revenue as percentage of GDP, plus the first available estimates for these same variables. Subsequently, and using the methodology explained in (1), our main variables were constructed, namely the GDP error, inflation error and revenue as a percentage of GDP.
From the Annual Macroeconomic database of the EC (AMECO), we used the general government consolidated gross debt (DEBT), the general government balance (BAL), and the gap between actual and potential GDP (GAP). The 10-year bond yield is taken from Eurostat's European Monetary Union (EMU) convergence criterion series.
Standard & Poor's 500 volatility index (VIX) was taken from yahoo finance and used later as an instrumental variable.
Using a political database from Armingeon et al. (2012) 3 , a set of dummies was used in order to control for political influences, specifically, coalition governments' (Coalition), legislative elections in the present year (Election year) and minority governments composed by one party (Minority Gov).
The EC has carried out a survey across the member states, in order to assess what kind of numerical fiscal rules are used -budget balance, revenue, expense, among others. According to the EC, the purpose of these rules is to increase fiscal discipline and serve as an instrument for policy coordination between member states, furthermore reducing the uncertainty on fiscal policy. Thus, the variable fiscal rule index (FRI) is also used in order to check whether such rules have any influence on the revenue predictions.
Finally, in order to capture the uncertainty resulting from the changes in the tax rates and in the law, a series of dummies was used. Generally, they assume the value 1 when a change in the tax rate relative to previous year occurs and 0 in the opposite case.
Therefore, we can account for changes in VAT rates, changes in the personal income tax rate, changes in the corporate tax rate and changes in social security tax rates. Apart from these variables, there are also dummies for each of the taxes that indicate whether if the observed changed was due to an increase or a decrease of the rate, which allows ascertaining more precisely the impact of each change. All these variables were based on the OECD Tax Database, except for the VAT.
4 Table II shows that changes to personal income rates are the most frequent ones, whereas changes to VAT are the less frequent. For instance, there are only two increases of corporate tax rates in the sample, contrasting with the high number of increases in income tax rates.
Overall, the main reason for choosing all the above mentioned variables is because they are the most used in the literature, not only to study revenue deviations but also in related studies about other macroeconomic variables, like expenditure, budget deficits, GDP. Table III illustrates some of the papers that have used the above described variables, or similar ones, in studies related with forecast errors. Thus, using this set of variables, which can be classified as economic, political and technical, we assess their explanatory power for each of the types of errors associated with the literature for errors in revenue forecasts.
In addition, it is important to stress which components contribute for the general government's total revenue. The EC follows the European System of Accounts 95 (2013) Tax modifications Auerbach (1995) As reported in Figure 1 , total revenue as a percentage of GDP represents, since 1999, nearly 45% of GDP for the EU-15, and the highest contributions are given by the social security contributions, income and wealth taxes and production and import taxes. 
Panel Estimation
As a mechanism of the preventive arm of the EU surveillance framework, the EC releases spring and autumn forecasts. For the purpose of our work, we use an unbalanced panel data set, with the earlier described variables, from 1999 to 2012, for the EU-15 (Austria, Belgium, Germany, Denmark, Spain, Finland, France, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Sweden and United Kingdom).
The starting point for the analysis of each year can be represented by the following equation:
where i represents the year-semester of the forecast and t represents the year for which the forecast refers.
For each one of the forecasting horizons' a baseline model is used, allowing us to have comparisons between those years. We have done additional estimations, depending on which of the tax change dummies is significant. Regarding robustness, in order to make sure that our baseline was the most adequate, we also tried different lags and removed variables that decreased the number of observations.
Following (Afonso & Nunes, 2013) , due to possible correlation between DEBT and BAL, it was decided not to include both variables at the same time in our model.
Nonetheless, both equations were tested, and the results were very similar. For this reason and since the r-square for the BAL specification was slightly higher, in the remaining work we have used this variable.
All the estimations were made using country fixed effects, creating a dummy that will account for all the omitted variables for that country. Moreover, all the equations use white diagonal covariance matrix, which consent residual heteroscedasticity (Afonso & Nunes, 2013) .
Suspecting the possible existence of endogeneity between the and the , we performed the Wu-Hausman endogeneity test. In order to run this test, one should start by regressing the suspecting problematic variable on its instruments -in this case the ones used were the VIX(-1) and the (-1), and save the residual series. Then, we include residual series in the baseline, creating an augmented model. If the p-value of the coefficient of the residual series is higher than 0.10 we can reject endogeneity. In this case, we did not found evidence of endogeneity evidence in any regression. In addition, and knowing that income rate changes lead to higher errors, we checked whether these errors were caused by an increase or a decrease in personal income tax rates, in columns (5), (6) and (7). However, none of the effects is significant when tested individually, column (7) tests for the combined effect. The effects are significant at 5 % and both have positive coefficients. Therefore, if the personal income rate changes, the revenue error will be higher, for forecasts made in t for t.
Regarding the estimations reported in Table VI for revenue error estimations made in year t for t+1, we observe an increase on the number of significant variables, when comparing with the results from Table V. As before, the yield is significant and with a similar impact as well as the lagged yield. The election year is again important but now with higher significance. On average, the existence of an election in t will result in a decrease of the revenue error of 0.934 p.p. in the GDP error on t+1 and in the INF error on t+1, and these effects are now significant, which broadly goes into the direction pointed by literature.
An increase of 1 p.p. of the GDP error for the following year will result on average in -0.9 p.p. on the revenue error whereas the INF error for t+1 will increase the revenue error in 0,424 p.p. Changes to the corporate tax rate are significant in all equations.
Overall, changes to corporate tax rate will result in a decrease of the revenue error of 0.378 on average. By controlling for "up" and "down" corporate tax rate dummies', we conclude that decreases in the corporate tax rate in year t, decrease the revenue forecast error for the following year, which may hint, for instance, at lower level of tax evasion given the reduction in the tax rate. 2001-2012 2001-2012 2001-2012 2000-2012 2001-2012 2001-2012 200-2012 2001-2012 Notes: Coefficients are significant at 10% (*), 5% (**) and 1% (***). Values between parentheses stand for the standard errors. Endogeneity represents the p-value taken from Wu-Hausman endogeneity test for GDP error t. Cross-sections is the number of included countries. Period represents covered years. 2001-2011 2001-2011 2001-2011 1999-2011 2001-2011 2001-2011 2001-2011 2001-2011 Notes: Coefficients are significant at 10% (*), 5% (**) and 1% (***). Values between parentheses stand for the standard errors. Endogeneity represents the p-value taken from Wu-Hausman endogeneity test for GDP error t+1. Cross-section is the number of included countries. Period represents covered years. Notes: Coefficients are significant at 10% (*), 5% (**) and 1% (***). Values between parentheses stand for the standard errors. Endogeneity represents the p-value taken from Wu-Hausman endogeneity test for GDP error t+2. Cross-section is the number of included countries. Period represents covered years.
In Table VII individually, all the effects are significant but equation (7) discloses that decreases on the corporate rate are no longer significant. On the other hand, increases on the corporate tax rate reduce the revenue error for t+2 by 1.837 p.p. This is particularly surprising because there are only two changes on this variable, one for Germany (2003) and another for Luxembourg (2011) . From (7) we can also observe that only increases to the VAT tax rate implies an increase of revenue errors.
Therefore, one can conclude that besides GDP and inflation errors, the other economic variables do not seem to be directly connected to the revenue forecast errors contrasting with institutional and political variables that emerged as the most significant determinants explaining the errors.
Another interesting relation is the one between tax changes and their weight in total revenue. Social security contributions are the ones that contribute the most for total revenue in the EU-15. However, none of the estimated equations showed statistical significance regarding social security rate changes even though there were approximately 70 changes in the social security contribution rates, across countries.
Comparing the results from Tables V, VI and VII with the ones in Table IV - concerning the descriptive statistic of revenue errors -we observe that t+1 had the higher mean error and it is for the t+1 estimations that one can find more statistically significant variables. On the contrary, the mean error for t and t+2 was lower, and we also found less significant variables in those estimations.
For robustness purposes, we used instrumental variables for all t and t+1 equations.
The results can be found in the appendix (A.2 and A.3) and confirm that using the least squares provides, for this specific case, the most efficient results. 2001-2010 2001-2010 2001-2010 2001-2010 2001-2010 2001-2010 2001-2010 Notes: Coefficients are significant at 10% (*), 5% (**) and 1% (***). Values between parentheses stand for the standard errors. Endogeneity represents the p-value taken from Wu-Hausman endogeneity test for GDP error t+2. Cross-section is the number of included countries. Period represents covered years
Period
SUR system
In order to have country specific results, we have run a SUR analysis for year t and t+1. Because of the reduced number of observations it was not possible to estimate the model for year t+2. Another reason for using this approach is that regardless the previous results, is that there are cross-country differences that cannot be unveiled with simple panel data. Not all countries are influenced by the same variables and with the same intensity.
The SUR model works by running an estimation for each country but at the same time allows for contemporary correlation between the residuals of all equations which is more efficient than performing an OLS for each country. For our case, the following equation was used:
where i denotes the country and t the year forecasted.
The reason for using a reduced form of the baseline model is that the SUR does not support the use of dummy variables. Moreover, it is also not possible to use the FRI since its values are close to a constant over time. In addition, another SUR was performed excluding lagged output gap and can be found in the Appendix (A.4 and A.5).
Observing Table IX , the results are slightly different from the previous equations. It may be noted that there are more significant negative coefficients, than negative. The output GAP is the variable that is more frequently statistically significant. For Denmark, France, Ireland, Luxembourg and Sweden, as GAP increases, the revenue error seems to be reduced, whereas for Spain, Finland and Italy the tendency is to increase, while
Portugal does not have a single significant variable. The inflation errors affect roughly half of the countries. Another result is that, significant GDP errors only contribute to the reduction of the revenue errors.
In addition, GDP and INF are only simultaneously significant for the United Kingdom and Luxembourg, and Finland and Luxembourg are the countries with more significant variables. Note: Coefficients are significant at 10% (*), 5% (**) and 1% (***). Values between parentheses stand for the standard errors. Obs. represent the number of observations for the specific country
As expected, Table X, regarding the forecasts for t+1, has more significant values then the previous one. Also, contrary to Table IX , there are now more positive significant coefficients pushing up the revenue error.
The Netherlands is now the country with more statistically significant variables followed by Luxembourg, Spain and Germany. Significant inflation errors' coefficients only display positive signs, resulting in an increase of the revenue error when the inflation errors increase as well. For instance, for t+1, Portugal has now yield, BAL and GAP as significant variables. An increase in the first two decreases the revenue forecast errors whereas an increase in the output GAP increases the errors.
Generally, one can conclude that the variables affect countries in different ways.
Despite that, it is not possible to conclude which coefficients have higher impact on revenue errors, if the positive or the negative ones. 
Cross-sections 15
Observations 330
Period
2001-2011
Note: Coefficients are significant at 10% (*), 5% (**) and 1% (*** 
Corporate rate down
Description: dummy variable that assumes value 1 if a decrease in corporate rate occurred in year t and 0 for other cases. Note that, in this case it is considered the current rate, which may include temporary surtaxes.
Data source: computed based on OECD Tax Database.
Corporate rate up
Description: dummy variable that assumes value 1 if an increase in corporate rate occurred in year t and 0 for other cases. Note that, in this case it is considered the current rate, which may include temporary surtaxes.
Election year
Description: dummy variable that assumes value 1 if there is an legislative election in in year t and 0 for other cases. 
Fiscal Rule Index
Description: based on an EC in questionnaire it is a database on numerical fiscal rules Data source: EC (1990 EC ( -2011 .
General government net lending or net borrowing
Description: describes general government's budgetary deficit or surplus.
Data source: AMECO (1999 AMECO ( -2012 .
General government total revenue error
Description: revenue error for period t is the result of the difference between the first total government revenue, as a percentage of GDP, estimate released by the EC in t+1
Spring, for year t, and the forecasted total revenue for period t.
Data source: European Commission (Autumn 1999 -Spring 2013).
Gross domestic product error
Description: GDP error for period t is the result of the difference between the first GDP growth rate, in volume and as a percentage change from previous year, estimate released by the EC in t+1 Spring, for year t, and the forecasted GDP growth rate for period t.
Inflation error
Description: inflation error for period t is the result of the difference between the first price deflator of private consumption, as a percentage change from previous year, estimate released by the European Commission in t+1 Spring for year t and the forecasted price deflator of private consumption for period t.
Data source: European Commission (Autumn 1999 -Spring 2013)
Output gap
Description: refers to the gap between actual and potential gross domestic product, at
market prices
Personal income rate change
Description: dummy variable that assumes value 1 if a change in (at least) one personal income rate occurred in year t and 0 for other cases. Note that, for this case there are different threshold levels with different taxations.
Personal income rate down
Description: dummy variable that assumes value 1 if a decrease in personal income rate occurred in year t and 0 for other cases. Note that, for this case there are different threshold levels with different taxations. If for a given year, more than one threshold change, a mean for all the thresholds is computed; if the mean decreases, it is considered that a decrease in personal income rate as occur, and so the variable assumes the value 1. Also, the creation of a lower personal income rate is also considered a decrease.
Personal income rate up
Description: dummy variable that assumes value 1 if an increase in personal income rate occurred in year t and 0 for other cases. Note that, for this case there are different threshold levels with different taxations. If for a given year, more than one threshold change, a mean for all the thresholds is computed; if the mean increases, it is considered that an increase in personal income rate as occur, and so the variable assumes the value 1. Also, the creation of a higher personal income rate is also considered an increase.
Public Debt
Description: this variable represents the general government consolidated gross debt, taken from EDP, and therefore based on ESA 1995, as percentage of GDP at market prices.
Single party minority government
Description: dummy variable that assumes value 1 if the party in government does not own a majority in parliament in year t and 0 for other cases. 
Social Security rate change
Description: dummy variable that assumes value 1 if a change in social security rate occurred in year t and 0 for other cases.
Social Security rate down
Description: dummy variable that assumes value 1 if a decrease in social security rate occurred in year t and 0 for other cases.
Social Security rate up
Description: dummy variable that assumes value 1 if an increase in social security rate occurred in year t and 0 for other cases.
VAT rate change
Description: dummy variable that assumes value 1 if a change in VAT rates occurred in year t and 0 for other cases. Note that, for this case there are different kinds of tax levels: reduced, standard, increased and parking rates. If for a given year, more than one tax change, a mean for this four rates is computed; if the mean increases, the variable assume value 1.
VAR rate down
Description: dummy variable that assumes value 1 if a decrease in VAT rates occurred in year t and 0 for other cases. Note that, for this case there are different kinds of tax levels: reduced, standard, increased and parking rates. If for a given year, more than one tax change, a mean for this four rates is computed; if the mean decreases, it is considered that a decrease in VAT rate as occur, and so the variable assumes the value 1. Also, the creation of a lower VAT rate is also considered a decrease.
Data source: Computed based on OECD Tax Database.
VAT rate up
Description: dummy variable that assumes value 1 if an increase in VAT rates occurred in year t and 0 for other cases. Note that, for this case there are different kinds of tax levels: reduced, standard, increased and parking rates. If for a given year, more than one tax change, a mean for this four rates is computed; if the mean increases, it is considered that an increase in VAT rate as occur, and so the variable assumes the value 1. Also, the creation of a higher VAT rate is also considered an increase.
Data source: computed based on OECD Tax Database. 
